H
arms due to opioid medications increased dramatically during the 2000s and early part of the 2010s in the United States. Fatal overdoses from natural and semisynthetic opioids increased from 1.0 per 100 000 adults in 1999 to 4.4 per 100 000 in 2016 (1) . Concurrent increases occurred in opioid-related emergency department visits (2) , the prevalence of opioid use disorders (3) , and opioid prescribing for chronic pain (4), but nonmedical prescription opioid use decreased (3) . Data from patients prescribed opioids (5-9) indicate a connection between prescribing practices and opioid-related harms and a need to optimize opioid prescribing.
A common strategy for changing clinician behavior is the release of practice guidelines. Prominent examples of medication-focused guidelines are the Beers Criteria for Potentially Inappropriate Medication Use in Older Adults (10) and the Veterans Health Administration's Opioid Safety Initiative (11, 12) . However, the ability of guidelines to change behavior may be limited (13) , with cross-condition reviews indicating that practice changes in response to guidelines vary widely (14) and that limited implementation efforts often hamper effectiveness (15) .
The Centers for Disease Control and Prevention (CDC) released the Guideline for Prescribing Opioids for Chronic Pain in March 2016 (16) . The CDC guideline recommends evidence-based practices for opioid use for treating chronic pain-excluding cancer treatment, palliative care, and end-of-life care-in patients aged 18 years and older in primary care settings. Compliance is entirely voluntary. Compared with previous guidelines (17) , the CDC guideline is broad reaching, as the result of a CDC-coordinated implementation strategy (18, 19) . The purpose of this analysis was to assess temporal changes in opioid prescribing since the CDC guideline was released.
METHODS

Study Design
This study consisted of interrupted time series analyses examining changes in opioid prescribing. This method is commonly used to determine whether the time at which a new policy or program was implemented is associated with changes in an outcome, which is measured continuously over time (20) . It may be particularly useful for evaluating population-level interventions, such as in cases in which no control or comparison group is available. Each model tested whether the point at which the CDC guideline was released (March 2016) was associated with immediate increases or decreases (a change in the intercept) at the time of "interruption," a change in the trajectory over time (the slope) of prescribing metrics originating at the interruption, or both. This study was exempt from human subjects review.
Data Source
The CDC obtained access to the complete database of opioid prescriptions for 2012 to 2017 from the IQVIA transactional data warehouse and for 2015 to 2017 from Real-World Data Longitudinal Prescriptions, which are based on data provided by pharmacies nationally. During the study period, the number of reporting pharmacies increased from approximately 38 500 in 2012 to approximately 50 400 in 2017, representing 74% and 90% of retail pharmacy prescriptions and 256.4 million and 193.5 million opioid prescriptions, respectively. We used the nationally projected estimates produced by IQVIA that account for pharmacy coverage. The IQVIA data do not include opioids obtained through mail order or dispensed directly by providers, including methadone or buprenorphine dispensed by opiate treatment programs. We excluded cold and cough products and buprenorphine formulations used to treat addiction. For 2 specific patient outcomes, IVQIA provided prescription-level data with patient numbers, linkable within month. Analysts at the CDC used patient identification numbers to construct patient-level outcomes.
Included data represented opioids dispensed between January 2012 and December 2017. Previous work indicates that 2012 was when opioid prescribing peaked (21) . For patient-level outcomes, data covered January 2015 to December 2017. U.S. Census estimates for the national population per month were used for the denominator of rates (22) .
Outcomes
Outcomes were based on specific recommendations (16) . In total, the CDC guideline contains 12 recommendations within the areas of patient selection, treatment and follow-up, and risk mitigation. Although the guideline focuses on opioid prescribing for chronic pain, it also recommends prescribing no more than necessary for acute pain. This evaluation assessed outcomes related to 6 of the 12 recommendations. Others, such as use of prescription drug monitoring programs and development of a treatment plan and goals, could not be assessed in the data source.
We measured several outcomes at the prescription level. For dosages in morphine milligram equivalents (MME) per day, prescriptions were converted on the basis of published ratios (23) . Information on quantity prescribed and days supplied was used to calculate dosages in MME per day. For these outcomes, prescriptions were attributed only to the month in which they were dispensed, even if the days supplied covered days in the next month or months.
The prescription-level outcomes and the rationale for their selection are as follows:
1a. High-dosage opioid prescribing rate (primary measure 1). The number of opioid prescriptions written to total at least 90 MME/d from that fill alone was calculated per 100 000 persons in the population.
1b. Average MME per capita. The total of all MME prescribed was divided by the monthly population size, resulting in an average amount dispensed per person.
1c. Average daily MME per prescription. For each opioid fill, the MME per day and then the average per month were calculated.
Rationale: Outcome measures 1a to 1c are related to recommendation 5, which advises against titrating dosages above 90 MME/d. We hypothesized that these outcomes would decrease after the CDC guideline was released.
2a. Percentage of prescriptions with no more than 3 and no more than 7 days supplied (primary measure 2).
2b. Average number of days supplied per opioid prescription. 
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Rationale: These measures are related to recommendation 6, which advises that for acute pain, "prescribe no greater quantity than needed for the expected duration of pain severe enough to require opioids." According to the recommendation, a 3-day supply is often sufficient and more than a 7-day supply is rarely needed. We hypothesized that the percentage of prescriptions with no more than 3 and with no more than 7 days supplied would increase after the CDC guideline release, reducing the average days supplied.
3. Overall opioid prescribing rate. The number of opioid prescriptions dispensed per 100 000 persons.
Rationale: Recommendations may have led to an increase in the use of nonopioid therapies as preferred options (recommendation 1) as well as the number of patients discontinuing opioid therapy because of a lack of benefit (recommendation 7). We hypothesized that this outcome would decrease after the CDC guideline release.
We examined 2 measures in data linked at the patient level (patient-level outcomes):
1. Percentage of patients with overlapping opioid and benzodiazepine fills. Prescriptions were classified as overlapping if an opioid and a benzodiazepine prescription both covered at least 1 day in common, regardless of dispensing date. For all patients prescribed opioids, we measured the proportion with an overlapping benzodiazepine prescription within each calendar month. For both medications, we assumed that use started on the date the prescription was filled and continued for the number of days supplied, without interruption (5) .
Rationale: This measure is related to recommendation 11, which advises against concurrent use of opioids and benzodiazepines. We hypothesized that this metric would decrease after the CDC guideline release.
2. Percentage of opioid-naive patients prescribed an extended-release or long-acting (ER/LA) opioid. Opioid-naive patients were defined as those who had an opioid fill without any opioid treatment in the previous 45 days. For these patients, we calculated the proportion of new prescriptions for drugs classified as ER/LA opioids, as determined by a National Drug Code list maintained by the CDC (23) .
Rationale: This measure corresponds to recommendation 4, which advises initiating opioid therapy with an immediate-release formula. We hypothesized that this outcome would decrease after the guideline release.
Comparator Medication
In the absence of a U.S. control group unexposed to the CDC guideline, we used benzodiazepines as a comparator to reflect secular trends in overall prescribing practice outside the guideline's scope. Like opioids, benzodiazepines have psychoactive effects and increase the risk for overdose (6) and other injuries (24) . We calculated the overall rate of benzodiazepine prescriptions using the same method we used for the overall opioid prescribing rate.
Statistical Analysis
The analysis took the form of an interrupted time series with segmented regressions (25, 26) using monthly repeated measures. The following equation was used for the regression:
where Y t is the aggregated outcome variable measured at each equally spaced time point t, T t is the time since the start of observation (in months), X t is a dummy (indicator) variable representing the guideline release (pre-March 2016 periods = 0, post-March 2016 periods = 1), and X t T t is an interaction term. The models Opioid Prescribing Before and After the 2016 CDC Opioid Guideline ORIGINAL RESEARCH were parameterized to test for both a one-time change immediately at the time of implementation (intercept; ␤ 2 ) and the difference in the pre-and postguideline trends (slope; ␤ 3 ). All analyses were performed with Stata, version 14.2 (StataCorp). We used coefficients from the interrupted time series regressions to estimate comparisons of key outcomes relative to expected outcomes, assuming pre-CDC guideline trends continued unchanged (that is, the counterfactual) (27) . We used Prais-Winsten regression with the CochraneOrcutt transformation and robust SEs to adjust for firstorder serial autocorrelation. We examined the DurbinWatson statistic to ensure that our models adequately corrected for first-order autocorrelation. Values of the Durbin-Watson statistic close to 2.0 indicated the absence of serial autocorrelation. After correction, the average deviation from 2 across the various models was 0.04, compared with 0.49 before the correction.
We estimated several additional sets of models. First, to examine benzodiazepines as a comparison medication, we created a data set with overall rates for both opioids and benzodiazepines and an indicator of medication type. A multiple-group interrupted time series analysis (25, 26) used interaction terms with medication type to test whether the size of the intercept or change in slope at March 2016 was statistically significantly different between medications. Second, we considered a second date of implementation. The draft CDC guideline was announced for public comment in December 2015, and this month was selected as an alternative time of implementation. Third, we conducted sensitivity analyses to determine the effect on inferences, relative to the primary analyses, when models excluded the time between December 2015 and March 2016 to account for possible gradual guideline effects on practice, and when potential seasonal effects were adjusted for by using a covariate for quarter (28) .
Role of the Funding Source
This study was supported by the CDC via employment, an intergovernmental personnel agreement, and costs associated with data acquisition. Authors who are CDC employees were involved in the design, analysis, and decision to submit the manuscript. Experts on CDC subject matter provided feedback for accuracy and clarity but were not otherwise involved in the study.
RESULTS
An average of 19.1 million opioid prescriptions were written each month. In January 2012, 6577 opioid prescriptions were dispensed per 100 000 persons, decreasing to 4240 by December 2017. Likewise, the number of opioid prescriptions written for at least 90 A. Count of all opioid prescriptions dispensed in a month, per 100 000 persons. B. Number of opioid prescriptions dispensed in a month to total a daily dosage >90 MME, per 100 000 persons. C. Total of all MME dispensed in a month, per person. D. Average daily dosage (in MME) per prescription, for all opioid prescriptions written in a month. * Change in slope (i.e., rate of decline per month) from before to after the CDC guideline release was statistically significant at P < 0.001.
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Opioid Prescribing Before and After the 2016 CDC Opioid Guideline MME/d was 683 per 100 000 persons in January 2012 and decreased to 356 per 100 000 by December 2017. Before the CDC guideline release, the overall opioid prescribing rate, all measures of opioid dosages, concurrent benzodiazepine use, and initiation with an ER/LA opioid were declining, as indicated by their pre-CDC guideline slopes in Table 1 . The change in slope at March 2016 indicates that the overall opioid prescription rate (P < 0.001), MME per capita (P < 0.001), high-dosage prescribing rate (P < 0.001), and percentage of patients with overlapping benzodiazepines (P < 0.001) decreased faster after March 2016 than before. The immediate change at March 2016 was statistically significant only for the high-dosage prescribing rate, indicating that, in general, no immediate shifts occurred. The rate of therapy initiation with an ER/LA opioid did not change. Figures 1 to 3 
Before March 2016, mean days supplied was increasing by 0.04 days per month, and the proportions of fills for no more than 3 and for no more than 7 days similarly were declining ( Table 1) . After March 2016, the rate of increase in mean days supplied slowed relative to before March 2016 (P = 0.012). The proportion of fills for no more than 3 and for no more than 7 days became steady (that is, the slope was not statistically different from 0) after March 2016. To understand these trends in a broader context, we repeated the modeling for prescribing rates by days supplied for fewer than 30 and for 30 or more days (Appendix Figure 1, Table 2 reports these averages and the total reductions in each metric for the period between April 2016 and December 2017 after accounting for decreases that would be expected if pre-March 2016 trends had continued unchanged. We estimated that approximately 14.2 million fewer opioid prescriptions, including about 1.3 million high-dosage prescriptions, were filled from March 2016 to December 2017 than would have been expected if pre-CDC guideline trends continued. In addition, 1.1 million fewer patients received concurrent benzodiazepines and opioids during March 2016 to December 2017 than would have been expected.
Comparator Medication: Benzodiazepines
We estimated models for benzodiazepine use during January 2015 to December 2017. Appendix Figure  2 (available at Annals.org) displays the monthly overall prescribing rates, and 
Analysis for December 2015 as the Implementation Date
We analyzed December 2015, when a draft of the CDC guideline was made public, as the point of implementation (Appendix Table 1 , available at Annals.org). Inferences were unchanged for the slope effect for the overall prescribing rate, MME per capita, high-dosage prescribing rate, average days supplied, the proportion of prescriptions for no more than 3 and for no more than 7 days, and the percentage of patients with overlapping opioid and benzodiazepine fills. For several outcomes, significant effects of the intercept, indicating a change just at December 2015, were found here that were not found in the primary analyses. This was true for MME per capita, average MME per prescription, 
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and percentage of patients with overlapping opioid and benzodiazepine prescriptions.
Sensitivity Analyses
Appendix Table 2 (available at Annals.org) reports models in which the months of December 2015 to March 2016 were excluded from analysis. Inferences were unchanged relative to the primary models. Analyses adjusting for seasonal effects (Appendix Table 3 , available at Annals.org) also did not demonstrate any meaningful differences from the primary analyses.
DISCUSSION
Since 2012, opioid prescribing in the United States has steadily declined in terms of the overall number of prescriptions written and the frequency of specific risky prescribing practices. The time of the CDC's release of the Guideline for Prescribing Opioids for Chronic Pain was associated with a statistically significantly faster rate of decline in several key opioid prescribing practices. Decreases were observed in the overall rate of opioid prescribing, the rate of high-dosage opioid prescriptions, and the percentage of patients with overlapping benzodiazepine and opioid prescriptions.
Some of the declines observed both before and after the CDC guideline was released were probably a response to accumulating evidence about the risk for overdose associated with specific practices (9, 29, 30) . Nonetheless, the guideline release was associated with an increased rate of decline that was greater than the rate observed for benzodiazepines. However, the decreases in most outcomes before the CDC guideline and the nature of the intervention (national scope, lack of a sharply demarcated inflection point) raise the possibility of false-positive findings.
Earlier opioid guidelines were published by Chou and colleagues (31) and by the Management of Opioid Therapy for Chronic Pain Working Group for the U.S. Department of Veterans Affairs and Department of Defense (32). A systematic review synthesized evaluations of these and other opioid-related guidelines and found that they are associated with reductions in risky prescribing patterns (33). The present study provides evidence that a guideline intended for a broad, national audience can change clinician behavior, albeit with relatively small percent changes in monthly rates but sizeable cumulative effects on opioid prescriptions.
We found that the proportion of prescriptions written for no more than 3 and for no more than 7 days was declining before the CDC guideline release and was stable afterward, contrary to our hypothesis. Likewise, the mean days supplied was increasing before the guideline release, and the rate of increase slowed afterward. Supplementary analysis demonstrated that prescriptions for 30 or more days began to decrease after March 2016, but at a slower rate than for those for fewer than 30 days. Given that prescribing for 30 or more days at a time is typical for chronic pain, it is possible that opioid sparing for acute pain occurred more often than for chronic pain, increasing, over time, the average days supplied.
Analysis of December 2015, when the CDC guideline draft was released for public comment, provided further insight into these changes. Findings were similar for most analyses, suggesting that the changes observed for March 2016 may reflect general changes during the time the guideline was developed, made public, and revised, rather than a clear effect tied to its 
ORIGINAL RESEARCH
Opioid Prescribing Before and After the 2016 CDC Opioid Guideline release. One of the primary purposes of the CDC guideline is to increase public awareness, which has affected other health outcomes (34, 35) . This mechanism of effect probably occurred gradually, and determining whether the public's heightened awareness was caused by the guideline or by other factors would be difficult. In addition, these findings may suggest that prescribing rates generally were trending downward and that the statistically significant changes in March 2016 may not indicate a meaningful inflection point. The CDC carried out several activities to support the guideline's implementation (18) , including translation and communication, with such products as fact sheets and posters. Clinical education incorporated online modules and continuing medical education training. Health system interventions that were part of the strategy included quality improvement metrics that assessed performance relative to the recommendations. Finally, the CDC suggested that payers develop strategies to improve coverage of nonopioid and nonpharmacologic pain treatments and provide reimbursement for time spent monitoring risks and providing relevant counseling.
This study benefited from a data set representing opioid prescribing for the entire United States, as well as its ability to control for temporal trends, but it had several notable limitations. Without a comparison population, the interrupted time series with segmented regression to control for trends is considered an "intermediate" design in terms of strength of evidence (36) . Increased federal and state focus on the problem during this period probably affected prescribing in ways that are challenging to distinguish from any potential effect of the CDC guideline. Plans for releasing the guideline attracted some national press attention before December 2015, and pre-and post-CDC guideline periods are difficult to define distinctly. Further, the CDC used several implementation strategies, which makes examining the potential effects of specific activities a challenge. In addition, estimates of dispensed prescriptions do not include the small proportion dispensed directly or via mail order. Opioid Prescribing Before and After the 2016 CDC Opioid Guideline ORIGINAL RESEARCH Data were not collected for research, and information on patients and providers was fairly limited. Indications for opioid use, such as acute pain, chronic pain, cancer, and palliative care, were not available, and we could not assess the appropriateness of prescribing for individual patients. We also could not separately examine prescriptions that fell outside the scope of the CDC guideline, such as those for cancer pain or palliative care. It is possible that some of the reductions in opioid prescribing observed here were the result of a decrease in appropriate opioid use in these patient groups and others and represent less optimal, rather than improved, care. The outcomes of greatest interest to public health related to opioid use, namely overdose, nonmedical use, and opioid use disorder, cannot be measured in this data source. The declines in these opioid prescribing metrics, whether because of the CDC guideline, other efforts, or secular trends, have not been followed by decreases in opioid overdoses. Instead, overdoses due to illegal opioids (heroin, illicitly manufactured fentanyl) have increased (37) .
Clinical practice guidelines, including those for which compliance is voluntary, may be able to change clinician behavior. Our findings demonstrated that the CDC guideline release was associated with decreases in key metrics of inappropriate opioid prescribing patterns. Additional research is needed on specific CDC guideline recommendations that could not be assessed in this data source, as well as the possibility that the guideline had stronger or weaker effects on specific groups of patients. Research should explore potential unintended consequences for patients, such as abrupt tapering; transition to illicit opioids, such as heroin; overdose; and suicide. Studies comparing locations with known differences in implementation might strengthen the ability to draw causal inferences.
The opioid overdose epidemic is a complex crisis that requires a response from several sectors, including public health, health care, and public safety. Systemlevel interventions should be implemented in the context of a comprehensive approach targeting the drivers of the epidemic. This study demonstrated changes in national opioid prescribing trends during the past several years, with a greater rate of improvement in several metrics after the CDC guideline was released. These findings suggest that the guideline release may have contributed to better prescribing behaviors. Number of prescriptions written for ≥90 MME/day per 100 000 population Number of prescriptions written for ≥90 MME/day per 100 000 population Number of prescriptions written for ≥90 MME/day per 100 000 population 
